Introduction {#sec1-1}
============

Chronic kidney disease (CKD) is a health care problem with increasing prevalence worldwide. Anesthetic and postoperative pain management for these patients can be challenging. Patients present with comorbid medical problems that may be the cause or consequences of their failed kidney function. Due to the paucity of large clinical trials in some aspects of pain management in CKD, published guidelines might depend on specific institutional experience or through applying the already available data regarding the changes in pharmacokinetics of pain medications in this group of patients. This article will focus on identifying the challenges of pain management for CKD patient undergoing surgical intervention and explores avenues to overcome these difficulties through simplifying some of the published guidelines in this field to provide optimum pain control for this patient population.

Definition and Staging of Chronic Kidney Disease {#sec1-2}
================================================

The National Kidney Foundation Kidney Disease Outcome Quality Initiative (K/DOQI) Advisory Board (2002) provides a standard definition for CKD. Patients with CKD should have either a glomerular filtration rate (GFR) less than 60 mL/min/1.73 m^2^ for ≥3 months or structural/functional kidney damage with or without changes in GFR.\[[@ref1][@ref2][@ref3]\] Evaluation of kidney function is more dependent on GFR or the presence of other markers of kidney damage rather than a single serum creatinine (SCr) reading.\[[@ref4]\] GFR can be estimated by using SCr using the Cockcroft--Gault equation to calculate the creatinine clearance (CCr).\[[@ref5]\] Alternatively, it can be estimated through the Modification of Diet in Renal Disease (MDRD) study equation to provide the GFR where age is in years, and weight is in kilogram.\[[@ref6][@ref7]\] In recent years, researchers have developed a modified version of the MDRD called the CKD epidemiology collaboration equation.\[[@ref8]\] This equation is more useful at estimating kidney function in individuals with less severe disease and it is replacing the MDRD study equation in routine clinical use

The K/DOQI Advisory Board has divided the progression of CKD into five stages \[[Table 1](#T1){ref-type="table"}\]. Stage 1 is defined as kidney damage with normal or increased GFR, while Stage 2 is defined as a mild reduction in renal function and GFR. At these stages, patients may be asymptomatic and kidney disease may be diagnosed incidentally or found during investigations for other illnesses such as diabetes mellitus. Stages 3 and 4 are associated with moderate to severe impairment of renal function and reduction in GFR. These patients may have some uremic symptoms related to the impaired renal function. Stage 5 is end-stage renal disease (ESRD) and patients at this stage require dialysis or renal replacement therapy (RRT).\[[@ref1][@ref2]\]

###### 

Stages of CKD
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It is important to understand the clinical staging of kidney function in CKD patients undergoing surgery to reduce possible adverse effects of anesthetics and analgesics, and to understand the limitations and difficulties in managing post-operative pain.

Challenges in Postoperative Pain Management in Chronic Kidney Disease {#sec1-3}
=====================================================================

Management issues in postoperative pain management for CKD patients may include one or more of the following.

Prevention of further renal damage {#sec2-1}
----------------------------------

Special emphasis should be placed on preventing further deterioration of renal function as well as protection of existing renal function in patients with moderate to severe impairment from the effects of anesthetics and pain medications. Careful consideration should be given to following up on postoperative renal function for these patients due to susceptibility of further deterioration in kidney function.\[[@ref9][@ref10]\] For example, analgesics such as nonsteroidal antiinflammatory drugs (NSAIDs) can contribute to a reduction of the residual renal function in CKD.\[[@ref11]\]

Dose adjustment {#sec2-2}
---------------

For patients with significant reductions in GFR, dose adjustment and avoidance of certain analgesics may be necessary due to an alteration in the pharmacokinetics and pharmacodynamics of several analgesic agents and their metabolites. CKD patients are at increased risk for adverse effects from associated comorbidities, increased drug sensitivity, reduction in body mass, a small margin between analgesia, and toxicity, and drug accumulation due to impaired excretion.\[[@ref12]\] These pharmacokinetic and pharmacodynamic changes depend on the pharmacological agent itself, the stage of renal impairment, and whether the patient is undergoing dialysis.\[[@ref13][@ref14]\] Furthermore, high percentages of patients with CKD are elderly and this may additionally increase the sensitivity of these patients to pain medications.\[[@ref2]\]

The presence of chronic pain {#sec2-3}
----------------------------

Chronic pain is a common finding in CKD patients. Pain may be caused by the primary disease that led to kidney damage or can be a direct result of CKD and hemodialysis \[[Table 2](#T2){ref-type="table"}\].\[[@ref12][@ref13][@ref14]\] Chronic pain is reported in 40-50% of hemodialysis patients and more than 80% of those patients have experienced moderate to severe pain.\[[@ref12][@ref13][@ref14]\]
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Cause of chronic pain in CKD
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The role of regional and neuraxial analgesia in chronic kidney disease {#sec2-4}
----------------------------------------------------------------------

The use of peripheral nerve blocks or neuraxial techniques can play a role in avoiding the adverse effects of both anesthetics and analgesics. Concerns regarding the use of these methods for CKD patients may arise in patients undergoing dialysis when platelet number and function may be deranged, in addition to the frequent use of anticoagulants during dialysis. Although peripheral nerve blocks are used to assist in providing postoperative pain control in ESRD, concern still exists regarding the use of epidural techniques for these patients.\[[@ref15][@ref16][@ref17]\] Hemodialysis has been reported as a risk factor for developing epidural hematoma in hemodialysis patients.\[[@ref15][@ref16]\] However, studies have reported the successful use of epidural analgesia for both obstetrical and nonobstetrical procedures in dialysis patients without developing epidural hematoma.\[[@ref18][@ref19][@ref20]\] Due to the small sample sizes of these reports, it is difficult to provide an estimate of the rate of this complication.

Pain Management in Chronic Kidney Disease Stage 1 {#sec1-4}
=================================================

Patients in CKD-Stage 1 usually have normal renal function (GFR ≥90 mL/min/1.73 m^2^). A structural abnormality in the kidney is present that is typically diagnosed incidentally during radiological investigations, such as the presence of kidney cyst.\[[@ref1][@ref2][@ref4]\] Postoperative and posttraumatic pain management for these patients should not differ from other patients without kidney disease.\[[@ref9][@ref10]\] Analgesic plans should consider using neuraxial or peripheral nerve blockade whenever possible. A multimodal pain management regimen is preferably to be used for both intraoperative and postoperative analgesia. Acetaminophen, NSAIDs, or specific cyclooxygenase-2 inhibiters should be considered as analgesic foundations and be used around the clock unless otherwise contraindicated.\[[@ref21]\] These simple analgesics may be enough to treat mild to moderate postoperative pain as well as to reduce opioid requirements and related side effects.\[[@ref22][@ref23][@ref24]\]

NSAIDs are valuable analgesic adjuncts and should not be withheld from these patients, as there is an absence of evidence to suggest that short-term therapy predisposes to any further chronic renal impairment.\[[@ref25]\] Other adjuvants can be used to improve perioperative pain control, reduce the dose of opioids, and minimize the possibility of progression of acute postsurgical or posttrauma pain to chronic pain. These medications can include tramadol and anticonvulsant medications such as gabapentin or pregabalin, which can improve pain management, especially for those patients with a neuropathic pain component.\[[@ref12][@ref26][@ref27]\]
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Pain Management in Chronic Kidney Disease Stage 2 {#sec1-5}
=================================================

In CKD --- Stage 2, patients have a mild degree of impairment in renal function (GFR 60-89 mL/min/1.73 m^2^). The level of renal function for these patients is sufficient for excretion of the drugs and their metabolites with no need for dose adjustment of pain medications.\[[@ref1][@ref2][@ref3][@ref4]\]

There are two main considerations for patients with Stage 2 CKD. Patients should be monitored for further deterioration of renal function due to anesthetic or other perioperative events such as bleeding, dehydration, or prolonged hypotension. Such events that alter renal function may warrant readjustment of the doses for some analgesics.\[[@ref25]\] Another important consideration is the possible effect of NSAIDs on the kidney causing further impairment.

Prostaglandins mediate the compensatory vasodilatation of the afferent arterioles that feed the glomerulus to maintain the GFR states of hypovolemia and hypotension.\[[@ref25][@ref28]\] NSAIDs cause depletion of renal vasodilator prostaglandins and allow an unopposed vasoconstriction to occur. In those with underlying renal disease or effective volume depletion, the addition of NSAIDs may catastrophically diminish renal blood flow.\[[@ref28][@ref29]\] In general, the triad of NSAIDs, hypotension and angiotensin converting enzyme(ACE) inhibitors can severely impair the GFR and renal function. However, in most cases the effect can be transient with no clear evidence for long-term impairment of renal function.\[[@ref25][@ref28][@ref29][@ref30]\] The risk of using NSAIDs in this group of patients should be balanced against the benefit. If NSAIDs must be used, they should be limited to the shortest duration possible and renal function should be monitored closely. NSAIDs should be avoided in patients with additional factors that can impair renal function such as advanced age, diabetes, use of ACE-inhibitors and perioperative dehydration or hypotension.\[[@ref25][@ref29][@ref30]\] cyclooxygenase-2 inhibitors, like other NSAIDs, must also be used cautiously in these patients.\[[@ref31]\]
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Pain Management in Chronic Kidney Disease Stage 3 and 4 {#sec1-6}
=======================================================

Patients with Stage 3 and 4 CKD have moderate to severe impairment of renal function with GFR between 15 and 59 mL/min/1.73 m^2^. The clinical utility of most analgesic drugs is altered in these patients due to altered clearance of the parent drugs and their therapeutically active or toxic metabolites. NSAIDs may also worsen the preexisting renal impairment in these patients.\[[@ref1][@ref2][@ref9]\] Regional techniques should be considered whenever possible as they can help to avoid or reduce exposure to systemically administered analgesics.\[[@ref21][@ref32]\] Analgesic management principles should include avoidance of NSAIDs, reduction of analgesic drug doses according to the GFR or CCr, and close monitoring of drug side effects such as sedation.\[[@ref33]\]

The use of opioids for patients with moderate to severe renal insufficiency poses one of the largest concerns for clinicians. Although dose restriction is recommended for most, if not all, opioid analgesics in this patient population, making a fixed algorithm for these medications in relation to GFR is not always feasible for two reasons. First, opioids undergo hepatic metabolism as a main route of elimination, but some opioids still have active or toxic metabolites that need to be excreted through kidney. The second reason is the increased sensitivity of the central nervous system in CKD patients to opioids in a fashion, which is not fully correlated with GFR.\[[@ref12][@ref33]\] The controlled released forms of opioid medications carry higher risks of unwanted side effects and toxicity in patients with renal insufficiency. Controlled release formulations are preferably avoided especially for patients with Stage 4-CKD (GFR \<30 mL/min/1.73 m^2^).

The use of other adjuvants such as antiepileptic\'s can cause serious side effects in patients with compromised renal function and dose adjustment must be considered. Gabapentin and pregabalin should be used with caution in these patients and only when they are indicated such as for cases of neuropathic pain. Liberal administration of gabapentinoids may increase the risk of over sedation and even coma. These agents do not undergo hepatic metabolism and are excreted solely by the kidney. A reduction of 50% of the dose for each 50% decline in GFR or CCr, and increasing the time interval between the doses is advised.\[[@ref26][@ref34][@ref47][@ref48][@ref49][@ref50]\]

Opioids in Advanced, Nondialysis Dependent Chronic Kidney Disease {#sec1-7}
=================================================================

The degree to which analgesic drug alteration is required for CKD patients largely depends on whether the drug has active metabolites that are dependent on the kidney for excretion. Understanding metabolism of the commonly used analgesic drugs for postoperative pain management helps guide decisions about the type and dose of these agents to be used.\[[@ref13][@ref33]\] Alfentanil and Fentanyl exhibit a safe pharmacological profile for patients with renal impairment. Both are metabolized by the liver producing no active or toxic metabolites. Less than 10% of the parent drug is excreted unchanged in the urine. There is no dose modification required for boluses, but caution is advised with repeated boluses or continuous infusion, as there may be a slight plasma accumulation during advanced stages of renal impairment.\[[@ref30][@ref34]\]

Morphine is metabolized in the liver to morphine-6-glucuronide (M6G) and morphine-3-glucuronide (M3G). These metabolites are renally excreted and 5-10% of morphine is eliminated unchanged as the parent drug. Unlike M6G, M3G has no analgesic activity. M3G is associated with hyperalgesia and neurotoxicity when accumulated in patients with severe renal impairment. These patients will be more susceptible to develop side effects from morphine such as respiratory depression, nausea, vomiting, and myoclonus. For patients with GFR of 50 mL/min/1.73 m^2^ or less, morphine dose reduction should be considered by more than 50% and is even best avoided when possible. The risk of toxicity is much higher with GFR \<30 mL/min/1.73 m^2^ and morphine avoidance becomes highly recommended.\[[@ref30][@ref35][@ref36][@ref37]\]

Meperidine (pethidine) is deemed comparatively worse than morphine when considering side effects due to the accumulation of norpethidine, which is a renally excreted neurotoxic metabolite. Patients will be at risk for seizures, especially with repeated doses of meperidine and this drug is, therefore, not recommended for this group of patients.\[[@ref36][@ref37]\]

Hydromorphone, which is a morphine analogue, is better tolerated in patients with renal insufficiency. However, metabolism does lead to hydromorphone-3-glucoronide (H3G), which can have similar neurotoxic effects as M3G when accumulated in the plasma. In cases of moderate renal impairment, H3G levels in the plasma can be 100 times that of the parent drug. Though hydromorphone is more potent than morphine, less-drug is needed to provide similar analgesic responses. Therefore the overall production and neurotoxic effects of H3G aremay be comparatively less than that of M3G, despite its greater potency when compared to M3G.\[[@ref38][@ref39]\] Unlike morphine, hydromorphone does not have an analgesically active 6-glucuronide metabolite, which may decrease the risk of developing respiratory depression in this population. Accumulation of both H3G and M3G in ESRD patients between hemodialysis sessions has been associated with increase hyperalgesia but the effect of H3G is deemed less than that of M3G.\[[@ref40][@ref41]\] Although authors agree that hydromorphone is relatively safer than morphine in renal insufficiency, dose adjustment depending on GFR is still recommended.\[[@ref42]\]

Codeine should be avoided in this patient population since it will be converted in the liver to morphine and its metabolites (M3G, M6G). In those who are rapid metabolizers, too much morphine can be produced leading to a higher risk of toxicity that can occur even after trivial doses.\[[@ref36][@ref42]\] Oxycodone is metabolized by the liver with less than 10% excreted unchanged in the urine. There are reports of toxicity due to the accumulation of both the parent compound and metabolites in patients with renal insufficiency and thus should be used with caution. There is little evidence regarding the use of oxycodone for acute postoperative pain as it is more commonly used for chronic pain.\[[@ref37][@ref42][@ref43]\]

Analgesic efficacy of tramadol requires metabolism to its active metabolite, O-desmethyltramadol (M1), by the liver in a similar fashion as codeine. Failure of excretion of this metabolite through the kidney can lead to accumulation causing serious side effects such as sedation and seizure activity.\[[@ref44]\] Co-administration of serotonin re-uptake inhibitors and other serotonergic agents may increase the possibility of developing seizures. Lowering the maximum daily dose and increasing the interval between doses are important steps in using this analgesic medication safely in patients with renal insufficiency.\[[@ref44][@ref45]\] It is preferable to refer to acute pain service dosage guidance for analgesics and adjuvants \[[Table 3](#T5){ref-type="table"}\].
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Acute pain service dosage guidance for analgesics and adjuvants used in renal insufficiency
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Ketamine in Advanced, Nondialysis Dependent Chronic Kidney Disease {#sec1-8}
==================================================================

Ketamine is an N-methyl-d-aspartate receptor antagonist that is commonly used as an adjunct for the treatment of acute postoperative or posttraumatic pain to improve pain scores and reduce opioid consumption by approximately 30-50%.\[[@ref46]\] Certain patients seem to benefit more from the addition of ketamine, including those with chronic neuropathic pain, opioid dependence or tolerance and acute hyperalgesia.\[[@ref47]\] 8% of administered ketamine is metabolized by the liver forming norketamine, which possess only 20-30% of the potency of ketamine. Norketamine is then hydroxylated into a water-soluble metabolite excreted by the kidney.\[[@ref48]\] Most clinicians believe that dose modification for ketamine is not required for patients with decreased renal function.\[[@ref48][@ref49]\] It can be administered in a variety of fashions such as adding it to opioids used in patient controlled analgesia (PCA) pumps, administering it through continuous infusions or even providing patients oral divided doses.\[[@ref46][@ref48][@ref49]\]
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Pain Management in End Stage Renal Disease (Chronic Kidney Disease Stage 5) {#sec1-9}
===========================================================================

Postoperative pain management in the nondialysis ESRD patient follows the same rules as delineated for CKD-Stage4. For dialysis dependent patients, the development of the acute-on-chronic pain may also influence the quality of patient care and pain management. Approximately 50% of dialysis patients experience chronic pain that is rated as severe. Chronic pain management for these patients is beyond the scope of this review. Pain can be further complicated by comorbid depression in a high proportion of patients as well as blunted cognitive function which can make interpreting their pain more difficult. Cyclical changes in the plasma concentration of most analgesics before and after dialysis increases the need for dynamic adjustment of doses to balance the risk of toxicity before dialysis and escalation of pain after dialysis.\[[@ref1][@ref2][@ref12][@ref13][@ref14]\]

Acetaminophen is considered the safest analgesic agent in ESRD and should be used routinely as an analgesic foundation. With chronic use, however, acetaminophen itself may cause nephrotoxicity. Although some authors suggest there is no need to adjust the acetaminophen maximum daily dose in patients undergoing intermittent hemodialysis, the 4 g/day recommended maximum dose may not be applicable for the majority of patients due to the presence of other factors that increase the risk of toxicity. In addition to renal failure, the presence of malnutrition, underlying liver impairment, or excessive alcohol consumption are risk factors for serious complications of acetaminophen related toxicity for these patients.\[[@ref30][@ref50][@ref51][@ref52]\]

There is no role for NSAIDS in the postoperative pain management in ESRD due to the high risk of serious side effects in this population \[[Table 4](#T7){ref-type="table"}\].\[[@ref30][@ref51][@ref53]\] Some exceptions may be accepted for short-term NSAIDs usage in ESRD such as for those patients with acute, painful gout.\[[@ref14]\]
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Complications of NSAIDs in patient with ESRD
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The approach to the use of opioid analgesics for dialysis patients is summarized in [Table 5](#T8){ref-type="table"}.\[[@ref12][@ref13][@ref30][@ref33][@ref34]\] The use of fentanyl, alfentanil and hydromorphone are relatively safe in dialysis patients but doses should be adjusted to minimize the risk of respiratory depression.\[[@ref30][@ref34]\] Physicians taking care of postoperative patients may need to take into consideration the possibility of lingering anesthetic agents and the accumulation of other analgesic adjuvants before dialysis. The general condition of dialysis patients with comorbid illnesses may also aggravate the risk of opioid complications.\[[@ref30][@ref34][@ref51][@ref52]\] Morphine should be avoided due to the accumulation of toxic metabolite M3G.\[[@ref30][@ref35][@ref36][@ref37]\] Codeine, which will be converted to morphine, should also be avoided for the same reasons.\[[@ref36][@ref42]\] The old concept of poorly dialyzable M3G and M6G has been changed since new studies found that hemodialysis reduces the concentration of glucoronidated metabolites of morphine after dialysis.\[[@ref54]\]

###### 

Opioids safety in patient with ESRD
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Meperidine (pethidine) again needs to be avoided due to the accumulation of norpethidine, which is neurotoxic as well.\[[@ref36][@ref37]\] Recommendations for the use of tramadol in dialysis dependent patients include lowering the maximum daily dose and increasing the interval between doses. These strategies help to avoid the risks of sedation, respiratory depression and seizure from accumulation of its metabolite.\[[@ref44][@ref45]\]

Adjuvant medications are helpful for improving pain scores, reducing opioid doses and treating neuropathic components of pain in dialysis patients. The role of ketamine in treating dialysis and palliative care patients with chronic pain is well established.\[[@ref48][@ref49][@ref55]\] Ketamine plays an important role in managing acute and acute-on-chronic pain and can be administered through various routes, or combined with opioids in PCA pumps.\[[@ref43][@ref45][@ref52]\]

Anticonvulsant analgesics may be required for the treatment of neuropathic pain. These medications can increase the risk of sedation in dialysis patients with accumulation between dialysis sessions. Withdrawal and escalation of pain can occur after dialysis due to the wash out of these solely renal excreted medications from patients' plasma. A small daily dose can be used on nondialysis day with an additional loading dose immediately after dialysis.\[[@ref26][@ref34][@ref56][@ref57][@ref58][@ref59]\]
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Conclusion {#sec1-10}
==========

Pharmacotherapy pain management strategies for patients with CKD change as kidney function becomes progressively impaired. When devising a strategy, physicians must strive to protect the kidney from further damage as well as avoid developing serious side effects due to accumulations of analgesic agents or their metabolites. Understanding the pharmacokinetics of analgesic agents may help to predict their tolerability in patients with CKD. Further clinical studies are required to address the optimal medication regimen that can be used for postoperative pain management in the different stages of CKD, including hemodialysis.
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